Based on a search for multi-periodic variability among the semi-regular red variable stars in the database of the All Sky Automated Survey (ASAS), a sample of 72 typical examples is presented. Their period analysis was performed using Discrete Fourier Transform. In 41 stars we identified two significant periods each, simultaneously present, while the remaining 31 cases revealed even three such periods per star. They occur in a range roughly between 50 and 3000 days. Inter-relationships between these periods were analyzed using the "double period diagram" which compares adjacent periods, and the so-called "Petersen diagram", the period ratio vs. the shorter period. In both diagrams we could identify six sequences of accumulation of the period values. For five of these sequences (containing 97% of all data points) we found an almost perfect coincidence with those of previous studies which were based on very different samples of semiregular red variables. Therefore, existence and locations of these sequences in the diagrams seem to be universal features, which appear in any data set of semi-regularly variable red giants of the AGB; we conclude that they are caused by different pulsation modes as the typical and consistent properties of similar stellar AGB configurations. Stellar pulsations can be considered as the principal cause of the observed periodic variability of these stars, and not binary, rotation of a spotted surface or other possible reasons suggested in the literature.
Introduction
The class of "semiregular variables" (SR) is quite common. The General Catalogue of Variable Stars, Moscow (GCVS; Samus et al. 2007 Samus et al. , 2013 lists more than 6000 representatives, about 15% of all variables in the GCVS. They are late K-or M type giants or supergiants located on the asymptotic giant branch (AGB) and display quasiperiodic oscilations with periods between 30 and several thousand days, but with smaller amplitudes (≤ 2.5 mag) than those of Mira stars. SR and Mira variables are primary sources for the enrichment of the interstellar medium with heavy elements, and therefore important for a proper understanding of the Milky Way evolution. On the other hand, their inner physical processes which cause their observed pulsations may contain crucial hints for unveiling the advanced evolution of late type giant stars. The physical understanding of this class is far from being satisfactory. Most authors agree that at least part of the periodic behaviour corresponds to stellar pulsation, but it is not clear whether the fundamental frequency or some of the overtones are excited. A rather common property is "multiperiodicity", i.e. the simultaneous presence of two, three or even more different periods in the same star. Often we can observe long periods from 500 up to several thousand days, combined with shorter ones in the range 50−400 days.
Corresponding author: e-mail: irma.fuentes@uv.cl Especially the long periods are difficult to reconcile with current pulsation theories. (Olivier & Wood, 2005) . Therefore, alternative explanations for the long periods have been suggested: stellar rotation combined with surface irregularities (spots), binary companions or episodic dust ejection (Olivier & Wood, 2003 and references therein) . There is a powerful tool in order to attack this uncertainty in the interpretation of the long periods: if one could establish that the observed period ratios in multiperiodic SR variables do obey certain patterns of preferred sequences in period vs. period diagrams (P vs. P), and if these sequences have universal validity, avoiding systematically other regions in the P vs. P diagrams, a strong argument in favour of pulsations in different modes would be obtained, as the only cause of SR variability. If any other possible physical explanation is acting, as those mentioned above, no significant groupings in the P vs. P diagrams would be expected. This idea is not new: Kiss et al. (1999) studied a total of 93 bright semiregular variables, based on visual amateur observations obtained during several decades, and identified three certain and two less obvious sequences in the distribution of periods or period ratios in multiperiodic SR variables, analysing 44 stars with two and 12 stars with three significant and essentially stable periods. The aim of our paper is to show that similar investigations can be carried out using the "All Sky Automated Survey" (ASAS), a data base of about 50000 variable stars of all kind, obtained at Las Campanas Observatory (LCO), Chile, between 1997 and 2006 approximately (Pojmanski, 1997 In section 2 we describe briefly some details about ASAS and our target selection strategy and analysis methods; section 3 contains our results, which are discussed in Section 4, together with some final conclusions.
Data analysis

Target selection from ASAS
The ASAS is a long-term project dedicated to constant photometric monitoring of the whole available sky, covering more than 10 7 stars brighter than 14 magnitude. The ultimate goal of the project is the detection and investigation of any kind of the photometric variability. ASAS has produced an extensive Variable Star Catalogue (ACVS) of the southern hemisphere (declination < +280) with a total of 50124 entries. The majority of them are new discoveries (80%, as compared with GCVS). Our study is based on the ASAS-3 (ACVS) catalogue with photometric V-band data. On average about 500 data points per star have been observed in the course of nine years (1997 -2006) , with a typical photometric accuracy of ± 0.03 mag for stars brighter than 12 mag in V. For each star, a light curve can be displayed immediately using the ASAS web page 1 which also permits to see a phased light curve folded with the period suggested by ASAS (often not very reliable) or with any other period chosen by the user. The ASAS data base also gives a possible classification for each variable, if they could be considered as eclipsing binaries or as some class of pulsating stars (Cepheids, RR Lyr, δ Sct, β Cep or Mira). However, this classification comprises less than 40% of all variables detected by ASAS. The remaining 30993 stars are just marked as class "MISC" (miscellaneous). Apparently the classification scheme of ASAS was unable to assign a class in these cases. Richards et al. (2012) presented a substantial improvement of this unsatisfactory situation: They developed machine-learning classification software for 28 different variability classes, and applied it to all 50124 variables in the ASAS data base. They list the resulting class for each star, together with a probability measure of this classification (and of other less probable classes, which could be assigned to it), as well as a period, which turns out to be more reliable than that given in the ASAS data base. In the course of another research project, we inspected the light curves of all ASAS variables classified "MISC" with amplitudes ≥ 1.0 mag (about 2600 targets in total), in order to check whether there are periodic variations among them. In fact, a large majority of them turned out to display long period variations (≥ 60 days), immediately visible on the screen of the ASAS web page, and confirmed, in most cases, with phased light curves using the period listed by Richards et al. (2012) . In some cases, we could identify in the original ASAS light curve double periodicity: a more rapid variation 1 www.astrouw.edu.pl/asas with periods in a typical range between 60 and 100 days, superimposed on a longer-term variability (500 − 1000 days and more). These are the targets selected for the present paper.
Time series analysis
We used PERIOD04 (Lenz & Breger 2005 ) software to perform the period analysis which is based on Discrete Fourier Transform (DFT), and especially dedicated to statistical analysis of astronomical time series containing long gaps in the observational data. The Fourier analysis consists in a search for sinusoidal functions which adapt to the observed light curve. For extracting secondary frequencies, the dominant frequency is subsequently removed to analyse the residuals. The frequency range analysed was between 0.0003 to 0.025 cycles/day. Special attention has been paid to periods found near one year since a one-year peak alias appears in the spectral window of most of the stars. The appearance of candidate periods and aliases have been controlled adjusting the calculated combined light curve to the observations (see Fig. 1 and 2). Each individual frequency has been checked to reveal a consistent phased light curve of the residuals of remain dominant frequency.
Results
Typical examples of light curves and their analysis are presented in Figures 1 and 2 , together with the corresponding power spectra. The periods and the semi-amplitudes determined by our analysis were listed in Table 1 for 41 stars with two periods, and in Table 2 for 31 stars with three periods. In addition, we list in these tables the classification of each star, according to Richards et al. (2012) . A total of 40 stars (56% of our sample) correspond to the class "Long secondary period variables" (LSP) as expected as dominant in our sample, because all these cases should present at least two different periods. Other 27 stars (37%) are "Semiregular pulsating variables" (SRPV). The remaining 5 cases correspond to class RSG (red supergiants), RCB (R CrB stars) and Mira. The double period diagram which compares adjacent periods (hereafter "DP diagram") is shown in Fig. 3 . This diagram (as well as that of Fig. 4 ) contains one point for each case with two periods, but two points for each case with three periods. These cases are distinguished by different symbols. Another presentation of the same data is given in Fig. 4 , showing the so-called "Petersen diagram", which presents the period ratio vs. the shorter period. A similar diagram was first presented by Petersen (1973) in the context of an analysis of double mode Cepheids. The locations of our sequences are very similar to those of Kiss et al. (1999) which are also shown in Figs. 3 and 4. Double and triple periodic stars are mixed in most sequences. We performed linear least square fits for each of Table 1 Double periodic stars. ASAS name, other name, variability class (see text for details), number of single observations per star in the ASAS data base N s , averaged V magnitude for each star m, observation time covered ∆T , Semi-amplitudes A i (i = 0,1) and the longer and shorter periods P i (i = 0,1) are given.
ASAS name
Other name Variability the sequences in both diagrams:
For double periodic cases i=0 is valid, while triple periodic cases both i=0 and i=1 have to be considered. The constant values in the right terms of equations (1) and (2) 3 and 4 are smaller than the symbol sizes in these figures. Therefore, the scatter present in these diagrams is real and not the result of uncertainties in the period determination.
Discussion and Conclusions
The locations of our sequences in the DP diagram (Fig. 3) are very similar to those of Kiss et al. (1999) , in spite of the fact that their sample was based on rather heterogeneous amateur observations of very low accuracy (order of ± 0.3 mag), but covering long time intervals, several decades in some cases. Our data refer to more homogeneous CCD observations covering only nine years with higher photometric accuracy (order ± 0.03 mag). There seems to be a systematic difference in the slopes: for our data it is smaller in Fig.  3 and larger in Fig. 4 , compared to Kiss et al. (1999) . In addition, our sequence A is poorly populated (only 5 cases) which is a direct consequence of the way we selected the targets, by visual inspection of light curves. Since sequence A corresponds to two very similar periods, it is difficult to appreciate them directly in a light curve, compared to cases with larger period differences. On the other hand, we could populate well the sequences C and D, which Kiss et al. (1999) described as "possible" because they had only very few data points in this region of the DP diagram. Our data confirm these sequences. Our sequence F was not present in Kiss et al. (1999) , but it has to be considered as uncertain because it contains only 3 data points with a rather large scatter. Finally, even the a bit larger position difference between sequence B and C in the Petersen diagram (Fig. 4) , compared to the adjacent differences A−B and C−D, is clearly present in our data, as well as in those of Kiss et al. (1999) . Existence and detailed positions of these sequences seem to be universal features, apparent in any data set of semiregular red giants of the AGB, which is only possible if they present different pulsation modes typical for similar stellar configurations. Other studies, often coming along from very different points of view, have leaded to similar conclusions. For instance, Soszynski et al. (2004) compared the Petersen diagrams of the LMC, SMC and Galactic bulge variable red giants, using OGLE-II data, and concluded that they are basically identical indicating that the variable red giants in all these different stellar environments share similar pulsation properties. Similar results were obtained by Tabur et al. (2010) , who performed an extensive study of red giant branch pulsators in Milky Way, LMC and SMC; they concluded that the pulsation properties of red giants are consistent and universal, and propose to use these stars as high-precision distance indicators. We understand our work as a pilot study, because it suffers still from the low number of cases. But we demonstrate that the ASAS data base is an excellent source for more extended investigations in this line. Semiregularily pulsating red giants are a very frequent class of stars, at least about 30% of the variable stars in the ASAS data base are possible targets for such a study. This is underlined by the classification of Richards et al. (2012) ; these authors list a total of 5096 stars of type LSP, which all should present more than one period, and 9982 stars of type SRPV which partly will contain multiperiodic variations, as demonstrated by our sample. This means that a systematic search for periodicities will reveal several thousands of multiperiodic cases, establishing finally the accurate positions of sequences in the DP and Petersen diagrams, implying this way a solid fundament for a complete understanding of the pulsation physics of these very numerous, but poorly understood stars in the Universe. Fig. 3 The shorter periods log P i+1 vs. the longer ones log P i . Open circles refer to i =0 for double periodic cases, filled squares to i =0 and triangles to i = 1 for triple periodic ones (which appear twice in the diagram). The qdashed lines refer to the locations of the sequences of Kiss et al (1999; their Fig. 8) , the solid lines to linear least square fits on our data, adopting a mean value d 2 = 0.839 for their slope. Fig. 4 The Petersen diagram log(P i /P i+1 ) vs. log P i+1 with the same distinction of symbols as in Fig. 3 . The dashed lines refer to the locations of the sequences of Kiss et al (1999; their Fig. 9 ), the solid lines to linear least square fits on our data, adopting a mean value p 2 = 0.103 for their slope. Sequence A corresponds to the bottom, F to the top of the diagram.
